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Section S1. Synthesis and characterization of the precursor (compound 1)
All reagents and starting materials were obtained from commercial suppliers and used without further purification. Anhydrous N, N-dimethylformamide (DMF) and dichloromathane (DCM) were distilled from CaH 2 . Anhydrous toluene and THF were distilled from sodiumbenzophenone immediately prior to use. The compound 9-Bromo-10-(2,6-dimethylphenyl)-anthracene (2) was synthesized according to the literature (US patent, US9287507 Bruker DPX 300/400/500 NMR spectrometers with tetramethylsilane (TMS) as the internal standard. The following abbreviations were used to explain the multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet. HR-APCI mass spectra (MS) were recorded on a Bruker amazonX instrument. EI mass spectra were recorded on Agilent 5975C DIP/MS mass spectrometer. The precursor (compound 1) was synthesized according to the synthetic route shown in Scheme S1.
Scheme S1. The synthetic route of the precursor (compound 1).
Synthesis and characterization of compound 4, 5, 7, 8 and 9.
Compound 4
A solution of n-BuLi (1.3 mmol, 1.3 equiv.) was added dropwise into a dry flask containing 2,6-bis(methoxymethyl)-1-bromobenzene (1.0 mmol, 1.0 equiv.) in THF at −78 o C. After stirred at -78 o C for 1.5 hrs, trimethyl borate (2.0 mmol, 2.0 equiv.) was added at −78 °C in one portion and the mixture was stirred for another 12 hrs at room temperature. Then the mixture was quenched with 2M HCl (50 ml) and extracted with DCM. The organic layer was dried over anhydrous MgSO 4 . The solvent was removed under vacuum and the crude product 3 was used directly for next step.
A mixture of compounds, 9-bromo-10-(2,6-dimethylphenyl)-anthracene (2, 9 mmol, 1.0 equiv.), 23, 138.19, 137.64, 131.34, 128.51, 128.37, 127.51, 126.49, 126.32, 126.13, 126.07, 125.86, 125.82, 125.60, 125.55, 125.31, 72.00, 71.79, 58.20, 58.16, 20. 
Compound 5
Compound 4 (6.3 g, 14 mmol) was dissolved in dry DCM (75 mL). HBr (33% in acetic acid, 25 mL, 138 mmol) was added into the solution and stirred overnight. The solvent was removed under vacuum and the residue was purified by silica gel column chromatography using 
Compound 7
A mixture of compound 5 (5.44 g, 10 mmol), CH 3 COOK (9.82 g, 100 mmol), tetra-nbutylammonium bromide (3.22 g, 10 mmol) in DMF (80 mL) was heated at 100 o C overnight under nitrogen. The mixture was poured into cool water and extracted with DCM. The organic layer was dried over anhydrous MgSO 4 . The solvent was removed under vacuum and the crude product 6 was used directly for next step.
A mixture of compound 6 (5.03 g, 10 mmol) and KOH (5.6 g, 100 mmol) in THF (80.0 mL), 
Compound 8
Oxalyl chloride (17 mL, 2 mmol) was added into dry DCM under Ar and the solution was cooling down to -78 o C. DMSO (2.84mL, 4 mmol) was transferred into the solution slowly.
After 20 min, compound 7 (418 mg, 1 mmol) dissolved in 100 mL DCM was added into the mixture. The reaction was stirred for 2 hrs at -78 o C and followed by adding dry triethyl amine (6 mL). One hour later, the reaction was warmed slowly to room temperature and stirred for 30 min. The solvent was removed under vacuum and the residue was purified by silica gel column chromatography using DCM/hexane (4/1, v/v) as eluent to give compound 8 (0.27 g, 0.6 mmol) 190.58, 145.95, 145.44, 137.49, 136.21, 132.90, 132.82, 131.76, 128.89, 127.64, 127.34, 127.17, 126.58, 125.98, 125.93, 125.69, 125.47, 20. 38, 145.22, 138.37, 138.01, 137.76, 137.49, 131.08, 130.16, 128.82, 128.68, 128.22, 128.14, 128.09, 128.00, 127.42, 127.36, 126.58, 126.41, 125.64, 123.92, 123.82, 44.32, 21.69, 21.52, 20.38 on Au(111). The sharp increase of dI/dV signal is observed to occur close to -2.2 V and 2.2 V (labelled as 3 and 4 respsectively). The corresponding dI/dV maps for these two electronic states are included in the main text ( Fig. 4A and 4D) . 
Section S4. Theoretical calculation of electronic properties of [5]triangulene Computational Methods
Our first-principles calculations were performed within the density functional theory (DFT) (39,40) using the projector-augmented wave (PAW) method (41) (111) substrates is determined to be 3.27 Å. We note that DFT calculations tends to underestimate the energy band gap. Therefore, we also performed HSE06 (45) hybrid functional calculations and GW (46) (47) (48) (49) calculations for the free-standing [5] triangulene to have a better description of its electronic energy levels. The kinetic energy cutoff was set to 350 eV. The convergence criteria for selfconsistency in electronic structure calculations for spin-polarized and non spin-polarized calculations was set to 10 -6 eV. In the calculations for [5]triangulene, a vacuum was included along the x, y, and z directions (> 12 Å for DFT and HSE06 calculations, 6 Å for GW calculations). Only the Γ point was used in the calculations. optB86b-DF1 (50) method was used to include the van der Waals interactions for the calculation of the adsorption configurations of ZTGM on metallic surfaces. Maps of dI/dV were calculated using probe particle STM code (32) with tip represented by a s-like orbital and molecular orbitals obtained from DFT and HSE06
calculation of free-standing molecule.
Energy level schemes of free-standing and Au-supported [5]triangulene for different magnetic configurations.
We have explored four magnetic configurations, namely quintuplet state, triplet state, singlet open-shell state and singlet closed-shell state, for both free-standing (shown in Fig. S4 B) and Au-supported [5]triangulene (Fig. S4 C) . Table S1 shows the calculated total energies of the four configurations for both systems using DFT. It reveals that the ferromagnetic state of both freestanding and Au(111)-supported [5]triangulene is more energetically favourable. Furthermore, the free-standing [5]triangulene was further verified using HSE06 calculations. It also reveals that the ferromagnetic configuration has the lowest energy. The central position of the energy gap is set as the zero in Fig. S4 A.
The energy level diagrams for the four magnetic configurations under HSE06 calculations are shown in Fig. S4 A. In a singlet closed-shell, we can observe that the four orbitals from 4 to 7 are degenerate (on the right of Fig. S4 A) . In the case of quintuplet state, we find that these four orbitals are split into spin-up and spin-down states on the left panel of Fig. S4 A. In the triplet state, the configuration with lowest energy is shown in Fig. S4 A (next to quintuplet). In the singlet open-shell case, these four orbitals from 4 to 7 are also split. The filling of electrons follows the antiferromagnetic order as shown in Fig. S4 A (next to singlet closed-shell), in consistent with the previous study of [3]triangulene. The red and grey balls in (C) represent the atoms at the top and bottom layer of Au (111) respectively. Calculated Energy gap and level diagram using DFT, HSE06 and GW methods Table S2 . We have set the central positions of the energy gaps as zero for all the plots shown in Fig. S7 .
The simulations of dI/dV maps
The dI/dV simulations were carried out by a home-built probe particle STM code (32), which describes the tunneling process between tip and sample by a standard 1 st order perturbation theory. The tunneling matrix elements are evaluated according to Chen's derivative rules (31), which considers selection rules from different symmetry of electronic states of tip and sample. In our calculations, electronic structure of tip was represented by s-like orbital, which mimics very well electronic structure of metallic tips. LCAO coefficients of molecular orbitals were obtained from gas phase calculation of [5]triangulene using HSE06 functional and. The dI/dV maps were calculated using linear combination of nearly degenerated molecular orbitals, which energies were smeared out by 0.1 eV and energies. All dI/dV maps were simulated in the constant height regime at tip sample distance 4 Å. Decay of s,p electronic wavefunctions of the [5]triangulene into the vacuum was considered to be the same. 
